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0 Highly sensitive dry developable deep UV photoresist 

@ Highly sensitive, highly absorbing deep ultraviolet and vacuum uitraviolet resists which comprise a novolak 
resin protected with an acid labile group and a photoinitiator which generates a strong acid upon exposure to 
deep ultraviolet or vacuum ultraviolet radiation. The exposed resists are reacted with organometallic compounds 
to form reactive ion etch resistant patterns. 
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HIGHLY SENSITIVE DRY DEVELOPABLE DEEP UV PHOTORESIST 



The present invention relates to photoresists which are highly sensitive to deep ultraviolet and vacuum 
ultraviolet radiation and which are developable in a dry process. Such compositions are highly absorbing in 
the deep ultraviolet spectrum and are functionalized so that their reactivity to organometallic reagents in 
exposed regions and unexposed regions is greatly differentiated. 

5 US-A-4 491 B28 discloses resist compositions which comprise certain polymers having acid labile 
groups pendant thereto and a photoinitiator which generates strong add upon exposure to radiation. The 
preferred polymers are Vinylics having aromatic rings (I.e. styrenes) although other polymerizations such as 
condensation, polyaddition and addition condensation are also useful. The photoinitiators used included 
diaryllodonium. triarylsulfbnium. triarylselenonium and aryldlazonium salts. The resulting resists form solvent 

10 developable systems which are positive working when developed with an (aqueous) alkaline developer or 
polar solvent and are negative working when developed wKh a non-polar solvent. The developed, patterned 
resists fonned provide useful structures due to their resistance to plasma and reactive ion etching (RIE). 

US-A-4 552 833 shows the use of resist compositions having a photo labile or add labile group masking 
or protecting a functional group and groups on a resist polymer and a spedes that Is capable of generating 

15 acid upon exposure to radiation. Rims of that composition may be imaged and reacted with an or- 
ganometallic agent in the exposed regions and then subjected to an oxygen plasma environment to provide 
high resolution, negative tone relief images. 

F Houlihan, R Bouchard, J. M. J. Frechet. and C. G. Willson, Can. J. Chem. .. 63, 153 (1985). discloses 
that the tert -butyloxycarbonylation of phenols, alcohols, enols. and thiols can be accomplished by reaction 

20 of these functionalities with di-tert -butyldicarbonate under phase transfer conditions. An example of tert - 
butyloxycarbonylation of novolakls given. 

US-A'4 810 601 shows the use of resist compositions having at least one component which undergoes 
molecular reanrangement upon inradiatlon to produce active hydrogens, inradlating the surface layer of films 
of such materials to form reaction products in the upper portion of such layer, and treating the reaction 

25 products with a reactive organometallic reagent to make the upper portion dry etch resistant 

In accordance with the present invention, improved dry developable photoresist compositions are 
provided which comprise a phenol-aldehyde type condensation product, the hydroxyl group of which is 
substituted with an acid labile group which inhibits the reaction of the protected condensation product with 
organometallic reagents and a photoactive compound which generates a strong acid upon exposure to DUV 

30 radiation to remove the acid labile groups from the condensation product in its exposed regions to enable 
reaction of the de-protected hydroxy groups with the organometallic reagents. 

These phenolic compositions are highly absorbing in the deep ultra violet spectrum and the vacuum 
ultraviolet spectrum (between 100-300 nm) and are functionalized or protected so that there is a great 
differential between the reactivity of exposed regions and unexposed regions to organometallic reagents. 

35 Resists formed with such compositions are particulariy useful in top surface imaging processes. 

The phenol-aldehyde condensation products are novolaks which are well known and which may be 
represented by the general formula 



40 



45 



50 




where R is selected from the group consisting of H. -CHa and phenyl, where r' is selected from the group 
consisting of H. alkyi and aryl, and where r' is selected from the group consisting of H, halo, nitro, alkoxy, 
alkyi, aryl. and hydroxyl. and where the base aromatic ring may have fused thereto and additional ring 

2 



CGK00011638 



EP 0 425 411 A2 



structure to form a naphthol or anthracene unit. Typical of the reactants used in producing the phenolic 
resins useful in the invention include as the phenol component phenol and alkyl substituted phenols, 
especially cresols. and higher hydroxy aromatlcs including naphthols and hydroxy anthracene and phenan- 
threne and include as the aldehyde component formaldehyde, acetaldehyde and benzaldehyde. The 

5 novolaks so formed may be mixtures of such phenolic resins. It is preferred that the predominent 
component be a cresol novolak, especially m -cresol novolak. 

Typically, the base novolak is a phenol formaldehyde condensation product which is then derlvatized so 
that at least about 90% of its hydroxy groups are 0-substituted with add labile functional groups such as 
esters, ethers, carbamates, and the like. Thus among the more suitable materials are alkoxy ester novolaks 

10 where the alkoxy group is selected from the group consisting of tertiary and secondary alkoxy groups, alkyl 
ether novolaks where the alkyl group Is selected from the group consisting of tertiary and secondary alkyl 
groups, and alkyl carbonate, and reaction products with the novolak hydroxy group. 

It is more prefenred to have at least 95% of tfie hydroxy group derivatized in order to maintain precise 
boundaries between exposed and unexposed regions of the photoresist mode with the protected novolak. 

15 The optimum performance is achieved when at least 98% of the hydroxy group are protected. 

The hydroxy groups of the novolak have an affinity to react with organometallic reagents. Those having 
the acid labile substituent groups inhibit the reaction of such groups with organometallic reagents. Upon 
exposure to deep UV radiation the pholoinitiator generates a strong acid which removes the acid labile 
groups forming secondary or tertiary carbonium ions which has an available alpha -proton to form an olefin 

20 and an hycb-onium ion to continue the acid hydrolysis in the region of exposure. A secondary olefin and 
carbon dioxide are the usual decomposition products. The preferred substituent groups include t - 
butyloxycarbonyl, 2-propyloxycarbonyl. t -butyl ether, and t -butylcarbonyl. Secondary carbonium forming 
protecting groups of the type disclosed in EP-A-87 115 343.3 PN 264 908, filed October 10, 1987, the 
disclosure of which is hereby incorporated by reference into the instant application, are also useful. The 

25 materials provide high temperature resistance by the selection of secondary substituent structures whrch 
form carbonium ions less stable than the t -butyl ion and which have an available alpha -hydrogen. 

The radiation sensitive materials are radiation degradable add generating materials which have 
sufficient strength to remove the acid labile protecting groups from the exposed sites on the polymer. 
These materials Include metallic and non-metallic onium salts, tosylates and non-metallic sulfonic acid 

30 precursors which generate strong acids upon exposure to radiation. Onium salts are a well known class of 
material and include diaryiiodonium salts and arylsulfonium salts. Typical of the diarytiodonium salts is di- 
(tert -butylphenyOiodonium trifluoromethane sulfonate. Arylsulfonium salts are more commonly used and 
Include triphenylsulfonium hexafluoroantimonate. triphenylsulfonium hexafluoroarsenate. The triaryl- 
selenionium analogues of these salts are useful as well. Aryl diazonlum salts also provide suitably strong 

35 acid to remove the acid labile groups. Triphenylsulfonium trifluoromethane sulfonates and benzene sul- 
fonates are advantageous as well. The benzene sulfonates may be ring substituted with halogen (F, 01, Br), 
nitro, cyano, trifluoromethyl or methyl. The p -toluene sulfonates being especially useful. Non-metsdlic 
sulfonic acid precursors of the type disclosed in EP-A-90 480 016.6, filed February 2, 1990 , the disclosure 
of which is incorporated by reference into the instant application discloses the use of N-sulfonyloxyimides of 



wherein Q is selected from the group consisting of -CFo, -GF2CF3. -CF2CF2H. -(CF2)o-Z where n = 1 to 4, 
where Z is H, alkyl. aryl, 
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where m = 1 to 5. where X and Y (1) form a cyclic or polycyclic ring which may contain one or more 
hetero atoms. (2) form a fused aromatic ring. (3) may be independently H, alkyi or aryl, (4) may be attached 
to another suifonyloxyimide-contafning residue, or (5) may be attached to a polymeric chafn or backbone. 

The compositions of the invention are particularly useful in patterning over uneven or highly reflective 
substrates because of the high opacity of the films (1.0/um) to imaging deep UV and vacuum UV radiation. 
Thus only the top layer or region exposed will be deprotected. However, such deprotected region is of an 
effective depth to enable reaction with organometallic compounds to a sufficient degree to form a reactive 
ion etch barrier for further processing. 

The compositions of the inventton are formulated with appropriate solvents for applying the composi- 
tions to substrates and the like. Typically 15 - 40% solids will be carried in a volatile solvent such as 
propylene glycol alkyI ether acetate- The use of solvents with photo resists is a well developed area and It 
is well known to use xylene, alky) esters, including alkyI acetates, especially n-butyl acetate, ethyl lactate, 
and propylene glycol alkyI ether acetates, and admixtures. In this regard we have found propylene glycol 
methyl ether acetate to be a most preferred solvent. 



Example 1 - Synthesis 

A substituted novolak resin composition was prepared from a m -cresol novolak resin where the 
hydroxyl group was replaced with a tertiary butyl group as follows. The synthesis was carried out by 
dissolving 1.00 mole equivalents of a m -cresoi novolak resin in tetrahydofuran and by adding 1.05 mole 
equivalents of triethylamlne, 0.05 mole equivalents of dimethylaminopyridlne. and 1.5 mole equivalents of 
di-tert -butyl pyrocarbonate at about 25* C. The reaction mixture was relluxed for 14-18 hours. This method 
is a~modificafon of the method set forth In Can. J. Chem. , 63, 153 (1985). After the reaction was 
completed, the reaction solvent was evaporated and the liquid polymer "dope" was precipitated by 
dropwise addition to hexane. The polymer was collected by filtration and dried in a vacuum oven for 14-18 
hours. IR analysis indicated that 98-99% of the hydroxyl moieties were converted to carbonate moieties. 



Example 2 - Formulation 

A resist composition was prepared comprising 25% by weight of the substituted novolak resin 
composition of Example 1 and 10% by weight of the substituted novolak resin composition of triphenylsul- 
foniumhexafluoroantimonate in a propylene glycol methyl ether acetate solvent. This resist solution was 
applied to silicon wafers by spin coating at 2500 rpm for 30 seconds. The coated wafers were placed in a 
prebake oven for 20 minutes at 85* C to remove residual solvent remaining in the film. 



55 



Example 3 - Lithography - Top Surface Imagery 

Resist coated silicon wafers prepared in accordance with Example 2 were subjected to pattemwise 
exposure of about SmJ/cm^ of UV radiation on a Perkin Elmer 500 in UV2 (from about 210-290 nm). Due to 
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the high opticai density of the functionaiized novolak. only the acid labile groups in the top surface of the 
film were removed and provide sites displaying an affinity for reaction with organometalllc reagents. The 
wafers were then subjected to a mild flood exposure to remove the acid labile groups at the film surface. 
The exposed wafers were then subjected to a post-exposure bake at about 90* C for about 75 seconds to 

6 cleave the carbonate sidechains in the exposed regions leaving deprotected hydroxyl groups in the 
exposed regions of the resin film. The wafers with such deprotected regions were introduced into a vacuum 
chamber and were subjected to vapor silytation using N,N<liethylaminotrimethyl siiane at 115* C under 
vacuum for 10 minutes. Thereafter, the wafers were subjected to a postsllyiatton bake at 130* C for 30 
minutes to drive the silylation reaction to completion. The silylated wafers were placed in a reactive ion etch 

10 chamber and were oxygen etch developed with 47sccm oxygen flow at 40 mm (40 t) pressure and 100 
watts of power. The developed wafers were dipped in a 10:1 solution of buffered HF for about 10 seconds 
and were rinsed with deionized water. The resultant film was about 1.0 urn thick and was developed in a 
negative tone with 1.0 ^m line and space features. 

Example 4 - Lithography - Modified image Reversal 

In a process to produce positive tone images, the coated silicon wafers of Example 2 were subjected to 
patternwise exposure at 500mJ/cm^ followed by a post exposure bake to crosslink the exposed regions of 

20 the film and to inhibit silylation. The hydroxy groups in the exposed regions were essentially degraded. The 
wafers were then subjected to a mild flood exposure to remove the acid labile groups at the film surface. A 
deprotection bake was performed on a hotplate at about 130* C for about 30 minutes to cleave the t - 
butylcarbonate groups from the flood exposed regions of the film surface to enable silylation to occur in 
such regions. Thereafter, the wafers were subjected to a postsilylation bake at 130*C for 30 minutes to 

25 drive the silylation reaction to completion. The silylated wafers were placed in a reactive ion etoh chamber 
and were oxygen etch developed with 47 seem oxygen flow at 40mm (40 t) pressure and 100 watts of 
power. The developed wafers were dipped in a 10:1 solution of buffered HF for about 10 seconds and were 
rinsed with deionized water. The resultant film was about 1 .0 um thick and was developed In a positive tone 
with 1.0 mm line and space features. 

30 

Claims 

1. An improved dry developable photoresist composition which comprises a phenol-aldehyde type con- 
35 densation product, the hydroxyl group of which is substituted with an acid labile group which inhibits the 
reaction of the protected condensation product with organometalllc reagents and a photoactive compound 
which generates a strong acid upon exposure to deep UV radiation or vacuum UV radiation to remove the 
acid labile groups from the condensation product in its exposed regions to enable reaction of the de- 
protected hydroxy groups with the organometatlic reagents. 
40 2. The photoresist composition of Claim 1 wherein the phenol aldehyde type condensation product may be 
represented by the general formula 
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where R is selected from the group consisting of H, -CH3 and phenyl R is selected from the group* 
consisting of H, alkyi and aryl. and r" is selected from the group consisting of H. halo, nitro. alkoxy. alkyi, 
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aryl, and hydroxyl, and where the aromatic ring may have fused thereto an additional ring structure to form 
a naphthol or anthracene unit. 

3. The photoresist composition of Claim 2 wherein the phenol aldehyde type condensation product is 
selected from the group consisting of meta -cresol novolait and naphthol novoiak. 

5 4. The photoresist composition of Claim 1 wherein the acid labile protecting group forms a secondary or 
tertiary cart>onium ion upon reaction with acid having an available alpha proton and is degradable to form 
an olefin and an hydronium ion to continue the acid hydrolysis In the region of exposure. 
5. The photoresist composition of Claim 4 wherein the acid labile protecting group is selected from the 
group consisting of t -butyloxycarbonyl, 2-propyioxycarbony[, t -butyl ether, and t -butylcarbonyl. 

10 6, The photoresist composition of Claim 1 wherein the photoactive compound Is selected from the group 
consisting of metallic and nonmetallic onium salts, tosyiates and non-metallic sulfonic acid precursors which 
generatestrong acids upon exposure to radiation, 

7. The photoresist composition of Claim 6 wherein the metallic onium salt is selected from the group 
consisting of diaryliodonium salts, arylsulfonium salts, and arylselenonium salts. 
75 8. The photoresist composition of claim 6 wherein the non-rhetallic sulfonic acid precursor is of the fonn 




where Q is selected from the group consisting of -CFa. -CFaCFa, -CFaCFaH, -(CF2)n-Z where n-1 to 4 and 
Z Is H, alley I, aryl. 
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where m = 1 to 5, where X and Y (1) form a cyclic or polycyclic ring which may contain one or more 
hetero-atoms, (2) form a fused aromatic ring, (3) may be independently H, alkyl or aryl, (4) may be attached 
to another sulfonyloxyimide-containing residue, or (5) may be attached to a polymeric chain or backbone. 

9. The photoresist composition of claim 1 wherein at least 90% of the hydroxyl groups are substituted with 
said acid labile groups. 

10. The photoresist composition of claim 1 wherein at least 95% of the hydroxyl groups are substituted with 

said acid labile groups. 

11. The photoresist composition of claim 1 wherein at least 98% of the hydroxyl groups are substituted with 
said acid labile groups. 

12. The photoresist composition of claim 1. which is dissolved in a solvent selected from the group 
consisting of xylene, alphyl acetate, propylene glycol alkyl ether acetate, and ethyl lactate, and mixtures 
thereof. 

13. The photoresist composition of claim 13 wherein the solvent is propylene glycol methyl ether acetate. 
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14. The composition of claim 12 wherein the protected phenol-aldehyde condensation product is present in 
an amount from 15 - 40% by weight of the composition, and the photoinltlator is present In an amount from 
1 to 40% by weight of the protected phenol-aldehyde condensation product 

15. The composition of claim 1 wherein the protected phenol-aldehyde condensation product is a t - 
5 butylcarbonate of a m -cresol novolak resin. 
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